ABSTRACT
INTRODUCTION
Pleural effusion is a common diagnostic problem and may be caused by systemic or local diseases (1) . The failure to establish a cause for pleural disease is a frequent problem faced during clinical diagnosis. Pleural effusion can occur as a complication of many different diseases. The most frequent diagnostic causes of such effusions are neoplasms and tuberculosis (2) , and frequency of one over another depends upon the population of patients studied.
Tuberculous pleural effusion shows nonspecific clinical presentation and the paucibacillary nature presents a diagnostic challenge. Conventional laboratory methods to diagnose such effusions are not very effective because tubercle bacilli are rarely seen in direct examinations of pleural fluid, and biopsy specimens and cultures are positive in less than 50% (3) . Malignant pleural effusions are mostly caused due to direct invasion of the pleura by malignant cells, or by the presence of a local mediastinal tumour causing bronchial obstruction (4) and can be diagnosed only by demonstrating malignant cells in pleural fluid or pleural tissue. Biological markers have been proposed to establish a cause of pleural effusion. Among all markers, interleukin-6 (IL-6), gamma interferon (IFN-γ) and adenosine deaminase (ADA) were found to have significant roles in such effusion.
Interleukin-6 is considered as a marker of immune response to any inflammation which regulates cellular immune responses (5) . The level of IL-6 was significantly higher in tuberculous effusion than other effusions (6), suggesting that it is produced locally in the pleural space. Gamma interferon is a glycoprotein, produced mainly by natural killer cells and T-helper 1 cells in response to IL-2. Pleural interferon (IFN-γ) levels are also valuable in the diagnosis of pleural tuberculosis, even among different patient subgroups (7) . Adenosine deaminase is responsible for lymphocyte differentiation and proliferation and shows significant increased value during immunological response of lymphocytes (8) . Investigators have stated that pleural ADA activity is increased in tuberculous pleural effusions and have proposed the usefulness of pleural ADA in the discrimination of tuberculous and non-tuberculous pleural effusions (9, 10) . It was found that IFN-γ and ADA are significantly higher in tuberculous pleural effusion than in other types of pleural effusions (11) .
The aim of the present study was to establish if there is a difference among pleural effusion groups: malignant, parapneumonic and tuberculous, and to provide a diagnostic guide based on markers: IL-6, IFN-γ and ADA.
SUBJECTS AND METHODS
A total of 81 pleural fluid samples were collected prospectively from 81 consecutive patients with pleural effusion at Clinics of the Chest Department of el Iman Hospital, Riyadh. The protocol was approved by the hospital ethics committee, and consent was obtained from all subjects for the study. A full research sheet was prepared with complete clinical examination.
Every patient was subjected to plain chest X-ray and electrocardiogram (ECG) and sputum smears were examined by Ziehl-Neelsen stain. Pleural fluid was aspirated from every patient by thoracocentesis (performed under complete aseptic conditions); a part of the specimen was subjected to routine chemical analysis: pH, specific gravity, protein and glucose contents and Ziehl-Neelsen stained smear for detection of tubercle bacilli. A second sample was added to a tube containing ethylenediaminetetraacetic-potassium anticoagulant for total and differential cell counting. Bacterial cultures and cytological examinations were performed on all pleural effusions.
Diagnostic criteria for pleural effusions
The causative aetiology of the effusion was determined based on the clinical presentation and results of diagnostic test. Effusions were classified into the three groups based on defined criteria. 1) Malignant pleural effusion -diagnosed when malignant cells were detected on cytological examination of the pleural fluid or biopsy specimens, or histologically (with the exclusion of any other cause of pleural effusion). 2) Tuberculosis pleural effusion -diagnosed with positive staining or culture for Mycobacterium tuberculosis in the pleural fluid, sputum or pleural biopsy specimen.
3) Post-pneumonic pleural effusion -a pleural effusion was considered post-pneumonic with symptoms of acute febrile illness, with purulent sputum and pulmonary infiltrates, in the absence of malignancy or other diseases causing an exudate and neutrophilia in the pleural fluid (12) .
For cytokine assays -for the cytokine measurement, pleural fluid was immediately centrifuged and kept at 30°C until the final procedure (12) . Value of IL-6 was measured by an enzyme linked immunosorbent assay (ELISA) kit (supplied by CYT ELISA, SYT IMMUNE Science Inc., Maryland, USA) according to the manufacturer's instructions. Gamma interferon was measured by an ELISA kit (supplied by Quantikine kits R&D system) according to the manufacturer's instructions. Determination of ADA activity was done as described earlier (13) .
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Conclusión: Llegamos a la conclusión de que los niveles de IL-6, IFN-γ y
Statistical analysis
Group data values are expressed as mean ± SD. Statistical differences among groups were tested by Student's t-test. Correlation analysis was performed using Spearman's coefficients. P-value less than 0.05 was considered statistically significant.
RESULTS
We studied 81 patients with a definite diagnosis and classified them into four groups:
Group I: 38 patients with tuberculous pleural effusion Group II: 11 patients with malignant pleural effusion Group III: 14 patients with post-pneumonic pleural effusion Group IV: 18 patients with transudative pleural effusion (secondary to heart failure and renal failure) Table 1 shows the value of parameters in all the conditions. There was no significant difference in pH, specific gravity, protein and glucose contents of the fluid among the different disease conditions. But total leukocyte count was significantly higher in post-pneumonic pleural effusion compared to others. Differential count in tuberculous pleural effusion showed elevated lymphocyte and decreased polymorphs. This was not the same as in the other causes of pleural effusion.
Comparison of various types of exudates
For every parameters tested (Table 2) , the pleural fluid levels were slightly higher in exudative than in transudative pleural effusions (p < 0.005).
Pleural fluid IL-6 levels were significantly higher in the tuberculous than in the malignant (p < 0.001) and postpneumonic (p < 0.01) pleural effusions. There was no significant difference in pleural fluid values of IL-6 levels between malignant and post-pneumonic pleural effusion.
The level of IFN-γ in patients with tuberculous effusions was significantly high in comparison with malignant effusions, post-pneumonic effusions and transudative effusions. No statistical difference was found in the mean value of IFN-γ in malignant effusions (93 ± 35.3 pg/mL) in comparison with post-pneumonic effusions (108 ± 34.48 pg/mL) and transudative effusions (80 ± 25.6 pg/mL).
The mean value of ADA activity in the pleural fluid of patients with tuberculous effusions was statistically significantly different compared to malignant effusions, transudative effusions or post-pneumonic effusions. Also, pleural fluid ADA activity in patients with malignant effusions and post-pneumonic effusion was statistically significantly higher compared to transudative effusions (Table 2) .
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DISCUSSION
In this present study, we have evaluated the diagnostic role of IL-6, IFN-γ and ADA activity in pleural effusions of different causes [exudative effusion of tuberculosis, malignancy and post-pneumonic and transudative effusion secondary to heart failure and renal failure].
Results showed that values of IL-6, IFN-γ and ADA were significantly higher in exudative samples when compared to transudative effusions and also showed a considerable difference in IL-6, IFN-γ and ADA among tuberculous and malignant effusion, post-pneumonic and transudative effusion, which is similar to a previous study (14) .
Significantly high IL-6 level was seen in tuberculous effusion (701.93 pg/mL) compared with other exudative and transudative effusions. This result is in agreement with a previous study which showed that IL-6 levels in tuberculous pleural effusion is a characteristic feature of infectious or inflammatory reactions, suggesting that it is locally produced in the pleural space (15) . Another study reported low IL-6 levels in transudative and malignant effusions, with high levels in tuberculosis, which is concordant with our study (16, 17) . These pro-inflammatory cytokines are closely related and may occur in infection. In contrast to our results, high IL-6 levels were detected in pleural effusion of patients with diffuse malignant mesothelioma (17) . This discrepancy might be due to the use of different detection methods or differences in the sample size (18) .
With regard to IFN-γ, the highest level was detected in tuberculous effusion and this was significantly high compared with other exudative and transudative effusions. The presence of high values of IFN-γ in tuberculous pleural effusion has been documented previously (19) and indicated that IFN-γ levels in tuberculous pleural effusion were variable, but non-tuberculous effusions showed lower values. This supports the view that estimation of IFN-γ can be a very useful parameter for the diagnosis of tuberculous effusion.
The present study showed that IFN-γ was significantly higher in tuberculous effusions than in malignant effusions and the test for measuring IFN-γ levels is an excellent method for differentiating tuberculous and malignant effusions and could serve as a more specific test for differentiation (2, 11, 12) . Our results are in accordance with these studies; those patients with tuberculous effusions presented with significantly higher ADA activity compared to patients with non-tuberculous effusions or malignant effusions (20) .
On comparing the three types of exudates, IL-6, IFN-γ and ADA activity levels were significantly higher in tuberculous than in post-pneumonic pleural fluid, and significantly higher in post-pneumonic when compared to malignant exudates, similar to results obtained by Xirouchaki et al (12) . Although the results of the present study suggest that the activity of IL-6, IFN-γ and ADA is lower in malignant compared to tuberculous pleural effusions, the final diagnosis of a malignant effusion should still be based on positive cytological and/or histological examination. Tuberculous pleural effusion should be diagnosed based on a positive Ziehl-Neelsen stain, positive culture finding for mycobacteria, and/or pleural biopsy showing typical granulomas. Interleukin-6, IFN-γ and ADA activity was found to be higher in the pleural fluid of patients with exudates compared to those with transudates (12) .
Like Xirouchaki et al (12) , this study showed that the mean levels of all three measured parameters were considerably high in the pleural fluid of patients with exudates than in those with transudates; this could have significant clinical utility in distinguishing transudates from exudates. Further studies on a larger patient population are needed to verify this observation. The significant differences of levels between malignant and post-pneumonic versus tuberculous levels reproduce its applicability for the diagnosis of tuberculous from other causes of effusions and could be useful as a complementary marker.
